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(54) Fe-based powder mixtures 
containing binders 

(57) A metal powder containing 
particles of iron or steel and particles 
of an alloying element is apt to 
segregation and dusting. It has now 
been found that segregation and 



dusting can be reduced or eliminated 
if the powder contains a binding agent 
in solid or liquid state. It is preferred to 
add to the metal powder one of the 
agents polyethylene glycol, 
polypropylene glycol, glycerine, and 
polyvinyl alcohol, in a quantity of 
0.005 — 0.2 per cent by weight. 
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SPECIFICATION 

Homogeneous iron based powder mixtures free of segregation 

The present invention relates to homogeneous iron based powder mixes with low risk of 
segregation and/or dusting. According to this invention it is now possible to produce mechanical mixes 
5 of iron or steel powders and alloying powders with low risk of segregation and dusting without 
deteriorating the characteristic physical properties of the mixture. 

In powder metallurgical manufacturing of various types of components iron or steel powders are 
often used together with one or more alloying elements such as copper or nickel in order to reach 
mechanical properties which cannot be obtained when using plain iron or steel powders. 

1 0 Nowadays powders for these purposes are in general prepared in two ways, viz. either as powder 
mixtures or as fully pre-alloyed powders. Powder mixtures are prepared by mixing the iron or steel 
powder with powder containing the desired alloying element or elements, either in the elementary form 
or as master alloys. The fully prealloyed steel powders are manufactured e.g. by atomizing a steel melt 
containing the desired alloying elements to a powder. 

1 5 One of the drawbacks of powder mixtures is related to the fact that such powders consist of 
particles which often differ considerably in size, shape and density, and which are not mechanically 
interconnected. This means that such a powder mixture is susceptible to segregation during its 
transport and handling. This segregation leads to varying composition of the green compacts 
manufactured from the powder, and thus to varying dimensional changes during the sintering operation 

20 and to varying mechanical properties in the as-sintered product. 

Another drawback of powder mixtures is their tendency to dust especially if the alloying element it 
present in the form of very small particles. This can lead to difficult environmental problems when the 
powder mixture is handled. 

In the case of fully prealloyed powders there is no risk of segregation as every powder particle nas 

25 the same composition. Also the risk of dusting is reduced as no alloying powder having small particle 
size is included. However, the prealloyed powder has another great drawback, viz. its low 
compressibility which is a result of the solid solution hardening effect which the alloying elements have 
on each powder particle. High compressibility is essential when high density is a prerequisite for 
reaching high mechanical properties. m qn 

30 The compressibility of a powder mixture is on the other hand substantially the same as the 

compressibility of the iron powder included therein. This fact together with the flexibility as regards the 
alloying composition have made powder mixtures the most commonly used raw material in the 
production of low alloy sintered steels. In such powder mixtures the plain iron powder is used as a base 

35 P ° Wd The Swedish patent application No. 7612217-5 describes a method to produce an iron powder 35 
containing copper, which has a low risk of segregation and dusting at the same time as the powder 
properties are maintained. According to this method the powder is produced by an annealing treatment 
of a mixture of iron and copper powder, at which a so-called partially diffusion alloy between iron and 
copper is obtained. r r , , . An 

40 As certain alloying elements, such as e.g. phosphorus in the form of a ferrophosphorus powder w 
and carbon in the form of graphite powder, cannot be sufficiently diffusion alloyed with an iron or steel 
powder without deteriorating the compressibility, there is a risk that mixtures in which these alloying 
elements are used are prone to segregation and/or dusting. 

The aim of the present invention is therefore to provide powder mixtures on iron powder base, in 

45 which the risk of segregation and dusting is very low at the same time as the physical powder 4 o 

characteristics are maintained. 

According to the invention this aim is fulfilled by adding during the mechanical mixing operation a 
binding agent by means of which the fine alloying particles are attached to the coarser iron or steel 
powder particles. * a 

50 According to the invention it is proposed to use binding agents with a sticky or fat character and 
the properties of which are such that they do not evaporate or change chemically with time at normal 
temperatures. It has been proved that binding agents of this nature can stand the internal forces that 
might arise when the powder mixture is handled. Binding agents, which harden with time, however, will 
give cause too hard and brittle bridges between the different particles which have proved not to be able 

55 to withstand these forces. 

In order to distribute the binding agent homogeneously in the powder mixture it is preferred to use 
binding agents with good wetting properties. When a solid binder is used it can be dissolved in a solvent 
which is evaporated after the mixing operation. Alternatively the properties of the solid binder can be 
chosen in such a way that the binder melts during the mixing operation and is then distributed in the 

60 mixture in liquid state. . 

The melting of the binder can either be a result of the heat generated during the mixing operation 
as a consequence of the friction between the particles, or the whole mixer can be heated by an external 
heat source to the desired temperature. . 

Furthermore, the binding agent should have such properties that it can be burned off without any 
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problems at a suitable temperature, e.g. during the sintering of the components made of the powder 
mixture. 

As the binder should be active in the powder mixture until after the compaction it is not allowed to 
affect the characteristic physical powder properties of the mixture such as apparent density, flow, 
5 compressibility and green strength. 5 

To fulfil the above mentioned demands it is preferred to add 0.005 — 1 .0%, preferably 
0.005 — 0.02% of a suitable binder. Here and in the following "%" is referred to as percent of weight. 

Binding agents that are preferred are poiyethyleneglycols, polypropyleneglycols, polyvinylalcohol 
and glycerol. 

1 0 According to the invention an iron based powder is mixed with one or more alloying powders for 1 0 
some minutes in order to obtain some homogenization of the mixture. A total content of 0.005 — 1 .0%. 
preferably 0.005 — 0.2% of the binder is then added either in liquid or solid state and the mixing 
operation is carried out for a period of time sufficient to obtain arhomogeneous mixture. If desired, a 
lubricant might be added during the mixing operation to facilitate the pressing of the powder in a tool at 

1 5 the final use. 1 5 

In the following the invention is exemplified and in connection therewith the experiments which 
have been made with powder according to the invention are described together with the surprising 
results which the experiments have given. 



EXAMPLE 1 

20 Three powder mixtures A, B and C with the following composition were prepared. 20 
Mixture A: 97.0% iron powder having a particle size substantially between 41 7 /im (35 mesh) and 
1 47 /im ( 1 00 mesh), 3% f errophosphorus alloy powder with a phosphorus content of 1 5% and a 
maximum particle size of 44 /im (325 mesh). 

Mixture B: 96.8% iron powder with a particle size substantially between 417 |Um (35 mesh) and 
25 1 47 (1 00 mesh), 3.0% f errophosphorus alloy powder with a phosphorus content of 1 5% and a 25 
maximum particle size of 44 /im (325 mesh) and 0.2% polyethyleneglycol. 

Mixture C: 96.0% iron powder with a particle size substantially between 41 7 /im (35 mesh) and 
1 47 /im (1 60 mesh), 3.0% ferrophosphorus alloy powder with a phorphorus content of 1 5% and a 
maximum particle size of 44/im (325 mesh) and 1 .0% polyethyleneglycol. 
30 A representative test portion of 1 00 grams of each mix A, B and C were screened on a sieve with 30 
an opening of 44 /im (325 mesh). The amount of powder that passed through the sieve was measured 
and the following results were obtained: 

Mixture Amount of powder smaller than 44 /im (325 mesh) 



A 2.49 grams 

35 B 0.10 grams 35 

C 0.01 grams 



As the iron powder used had a particle size exceeding 147 /im (100 mesh) and the 
ferrophosphorus powder used had a particle size of maximum 44 /im (325 mesh) the powder which had 
passed through the sieve openings was solely the ferrophosphorus alloy powder. As can be seen from 
40 the above table the addition of the binding agent has resulted in a very effective binding of the ^0 
ferrophosphorus particles to the iron particles. 

The mixtures A, B and C were also examined regarding some characteristic powder properties, 
which gave the following results: 

Apparent density Flow Compressibility 

45 Mixture g/cm 3 s/50 g g/cm 3 45 



A 
B 
C 



3.10 
3.08 
3.08 



30 
30 



6.82 
6.82 
6.81 



The results of the experiment described above show that the risk for segregation in a powder 
50 mixture containing iron powder and ferrophosphorus alloy powder can be substantially decreased 50 
without deteriorating the powder properties. When such a high addition of binding agent is used as in 
mixture C the powder properties, however, are changed in such a way that this powder does not flow. 
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When iron based powder mixtures containing carbon, added in the form of graphite powder are 
produced it is well known that dusting of the graphite powder occurs when the mixer is emptied. _This 
effect increases towards the end of the emptying procedure. This phenomenon w.ll result in a variation 
5 of the carbon content in the mixture. In particular the carbon content in the powder mixture that is 
obtained at the end of the emptying process will be increased. However by the addition of a binding 
agent this segregation/dusting effect can be eliminated, which is shown by the fphowing experiment 

A powder mixture of totally 1 0 tons, in the following called D, consisting of 2.5% copper powder, 

0 6% graphite powder and the rest being sponge iron powder with a particle size substantially below 
1 0 1 47 urn were mixed with 0.8% zinc stearate for 1 0 minutes in a double cone mixer, The mixture was 

thenemptiedin 10 barrels each containing 1 ton of powder. From the top of each barrel a test port on of 

1 kilo was taken and examined with regard to powder properties and carbon content. The chemical 
analysis of the carbon content was carried out in such a way that only the amount of graphite was 
determined, i.e. the influence of the lubricant was eliminated 

1 5 At the same time a powder mixture of 1 0 tons was produced, in the following called E, with the 

same analysis as mixture D but during the mixing operation 0.02% polyethyleneglycol was injected into 
the mixer. After the addition of the binding agent 0.8% zinc stearate powder was admixed for 5 ' ™nutes. 
The powder mixture was then emptied in 1 0 barrels each containing 1 ton of powder and a test portion 
of 1 kilo was taken from the top of each barrel. The same examination as described for mixture D was 

20 carried out and the following results were obtained: 
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Mixture D 


Mixture E 


C-anaiysis on the top of last emptied barrel, % 


0.65 


0.59 


Average-C-content on the top of the other barrels, % 


0.56 


0.58 


Apparent density, g/cm 3 


2.78 


2.79 


Flow, s/50 g 


35 


35 


Compressibility, g/cm 3 


6.74 


6.74 
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As can be seen from the results a much more homogeneous carbon content was obtained in the 
powder mixture when the binder had been added with the characteristic powder properties being 

maint For e a d person skilled in the art it is a surprising and unexpected effect that such a small addition of 30 
the binding agent can be homogeneously admixed and bind the graphite particles to the iron part.c : es 

According to the invented method it is possible to produce powder mixtures on .ron base in which 
the risk of segregation and/or dusting is very low. 

CLAIN 1 S |ron based powder mixture, characterized in that it besides iron or steel powder and one or more 35 
alloying powder also contains a binding agent in solid or liquid state to prevent segregation and/or 

dUSt, 2 9 'lron based powder mixture according to claim 1 , characterized in that the amount of binding 
aoent in the mixture is 0.005— 1.0% of weight, preferably 0.005— 0.2% of weight. 
9 3 Iron £a?ed powder mixture according to claim 1 and 2, characterized in that the b.nd.ng agent ,s 40 
one of the agents polyethyleneglycol, polypropyleneglycol, glycerine and polyv.nylalcohol. 
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